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Background Art
In the United States, millions of people are affected by tissue loss every year.

Current treatments include tissue transfer from a healthy site in the same or another
individual, use of medical devices to support the function of the lost tissue, or
pharmacologic supplementation of the metabolic products of the lost tissue. Problems
with these current treatments include potential tissue complications and imperfect
matches including the possible dependence on immunosuppressants, limited durability of
the mechanical devices, and the inconvenience and complexity of pharmacologic

supplementation. Current approaches for developing living tissue substitutes make use of
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Over the last two decades, LTEs that are completely cell-derived have been

developed. However, to date they have been very thin and taken a long time to grow,
generally on the order of months, whereas collagen gels and fibrin gels can be developed
in only a few days. There is a need for completely biological cell-derived LTEs, and

living scaffolds for use in wound repair and tissue regeneration in vitro and in vivo.
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skeletal muscle myocytes that might form into skeletal muscle tissue that is innervated by

the already seeded nerves, may continue to be added, as desired.
In another embodiment, the Autogenic Living Scaffold may also be grown into
specific shapes by molds, and may also be reshaped to some degree. For example, a sheet

of the above example of a Fibroblast Autogenic Living Scaffold, seeded first with
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Vllyigr'oblasts (especially foreskin fibroblasts) secrete numerous growth factors

including nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), and
neurotrophin-3 (NT-3), as well as fibroblast growth factor (FGF), and platelet-derived
growth factor (PDGF), all of which promote neuron regeneration and survival. The

embodiments of ALSs described herein more closely mimic the extracellular
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Another embodiment provu?es an autogenic living scaffold that has been seeded

with cells, tissue or combinations thereof, including any of stem cells, progenitor cells,
precursor cells; cells or tissue of a connective, epithelial, muscle, nerve and/or glandular
origin; and cells of vascular and/or non-vascular organ origin such as neuroblastomas,

myoblasts, astrocytes, cardiomyocytes, skeletal muscle myoblasts, hepatocytes,
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anti - Hu 1, an early marker of vertebrate
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conta\{\r%ng neurorvx\gl cefls%ssue that are expressing anti-Hu MAb 16A11, an early marker

of vertebrate neurogenesis that is expressed shortly after neuronal terminal mitosis
(Marusich, MF. et al (1994) J. Neurobiol. 25 : 143-155). The marker is observed in
nerve cell bodies as reddish brown spots; cell nuclei are blue. The ALS was allowed to
grow for 4 weeks prior to seeding with human neuroprogenitor cells.

Fig. 4 shows another cross-sections of a 17-day fibroblast ALS system about 50-60 pm

thick containing neuronal cells/tissue that are expressing anti-Hu MAb 16A11, an early
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Fig. 10 shows a cross-sectional view of a positive control system for the neurogenesis
marker experiments of Figures 3 through 7, using human brain sections. Positive

indication that the marker anti-Hu MAb 16A11 attaches to nerve cell bodies is indicated
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Fig. 15B shows fibroblast-populated fibrin gel (FG), 230 um thick, as measured by

digital image analysis.

Fig. 15C shows Living Tissue Matrix (LTM) fed with the same serum-supplemented
media that the CG and FG above were fed with, 110 pm thick, as measured by digital
image analysis.

Fig. 15D shows Living Tissue Matrix (*LTM) fed with Matrix Media, 465 pm thick, as

measured by digital image analysis.
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taken at 200x. Scale bars = 100 nm Fig. 16Ais a

graphi cal representation of the results in Table 1
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Fig. i6F isa graghlcal rcpﬂesen?a%on otf rhe re§ul£s)§n Table 1 showing the ultimate

tensile strength (kPa) of fibroblast-populated collagen gel (CG) and fibrin gel (FG), and

cell-derived matrix (CDM) fed with serum-supplemented medium; and cell-derived
matrices (*CDM and **CDM) fed with Matrix Media, compared to human penile skin
(HPS).

Fig. 16G is a graphical representation showing the % collagen of fibroblast-populated
collagen gel (CG) and fibrin gel (FG), and cell-derived matrix (CDM) fed with serum-
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Fig. 17A shows a TEM 12,000x; scale bar = 1 pm) of the distribution of collagen fibrils

(arrows) in the collagen gel (CG), wherein most (from the collagen gel) are about 56 + 5
am in diameter with a small number (presumably secreted by fibroblasts I the gel) about

46 + 5 nm in diameter. The collagen density was 81 x 4 fibrils/ pm?,
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5 nmin dianmeter. The collagen density was 28 4
fibrils/m2, (p<0.01). Fig. 17C shows a TEM (12, 000x;
weoecealemig@ms = 1 mr) of the distribution of coll agemB2005/004091
fibrils (arrows) in the cell-derived matrix (CDV
wherein the collagen fibrils have a diameter of about
sh%stmem fﬂmﬁt ﬁale%e: L 80ag &m&don ot@slld; nﬁ%nls
rils/nmm2. Frg D shows a 000x; scale
(arromb)m dlfe fibrin gds{FGD wtmlreohtbefco?dagelnefg}@ﬂs havea d@n@tar @ﬁﬂb@)lt 48 *

S o (R o OB ottt 44 S0ty 6B & o

Fi ﬂ@érﬁov@ TEMYIRi000£ seilebar = 114i8) 6faht aigeibudenst tollag ﬁbrils
& 2 flabl‘l s/ mm. Detail ed-litl%g)scrl tion_of Speci

(al'rO\Esbbo dhenesll derived matnix (FRM) Adherri the oollagansfiitrils baves qhameter of

abou 3% PR FEGERRY e Coled codshy ot oRE2 GG ="'

Fig. 1 SHoWsSETERTLE, 0005%; scalklb@gfh 181) of shertistSoitfonaf¢dllagen fibrils
ALS" as used herein neans a 3-di nensional strnﬁ%ure

(arrowe)rip thesgelgdesived majte *&lﬁw iffé%‘)'ltlaﬁ/éﬂtflh Medigwhesein e collagen
rocind s B O BIPHTE Sk B AR A Al RRIER s 2

fibrilg@f.s, tissue, organs, or conbinations thereof.
"Aut ogenic" neans it is a self-produced scaffold,
provi di ng mechani cal and nutritional and devel opnent al
support for the cells, tlssues organs, or

conbi nat i ons thereof . " Livi . S that the scaffol d
is smart - DefailedDe 80 [0 SPE L|V|ng"
al so means it is bjol ogi cal I act ive and al |

c ftmdonss AsResdin this dercgiption rad theorqragaRying caims, the :
follovgi%g#r%}s d%sfl alll RAVESle ni%%ﬁ?ﬁ& ﬁﬂhca ﬁllégkt tﬁ? ?6&%9 oerwidE requires:

stemitse he sca
aut Ageperic Li\&‘ngiSéaﬁf ”, ne‘aAES’l’ hauseldthemlmmedm Hrdimensional

stceie unptesell (oo aa e CNE OF i oy S hospypomptecey

produ?B@&Rd arrRiRY %5"tl§es9h€ﬁlsc(6%\ﬁtiﬁé@) MAfsuPPaRd B8 gedbthoricalls, tissue,
conmuni cate béetween each ot her transmt subtle

organis; erl cogibirations theedod, “Avtogenie’ megwett is ¥serarogused scaffold,
provi 'gl\é d{l@? @ﬁf%l an@ e dtdh Fi‘u i Qﬂ:@el% @Pé@pb& f<§xrtﬁé cél etlssues,

I proper t|on| I's VVI
organd)bricomibifutidfs thetdos. SlﬂEtvngeﬁ&ﬁb tlm ’t'he&eafﬁsléds $rmarei tt ad]usts to
means there is ysi cal, ct| X i-tional
its enyirpnyaenty alivigm e%[fr??ﬂ?%ﬂné “o‘? %‘Pl"%t ??‘i%%%‘t%@ﬁxcept

seedeﬁlﬁglly?ﬁ(?ﬁésﬂé areQfa u?MEI ﬁﬁﬁg@ ?aﬁc%%?@%ﬁ%?nth@%st 1 Rj\ﬁé sdaf@ld

are subs ant’l a trally
systemqtsetfat ientthe sonffokl it hatbgenie. ‘Slceffoldi’ oreas<cthpi it prayidesiacal |

s B s e i e A Bt SR e
correSthPLRBR, pfiveRd DVerRfowdifdlhdd &iBles cells to communicate between each
other, transmit subtle biological signals, receive signals from their environment, and form
bonds and contacts that are required for proper functioning of all cells within a unit such
as a tissue. ,

“Resembles” as used herein means there is physical, functional, compositional,

structural, phenotypic or other similarities between the materials or systems being
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di stinction would, for exanple, be a functional

di fference, a physical difference, a conpositional
wdizbdomagrsse, a structural difference i medi at ePgT/1B2005/004091

apparent, or easily detectable with standard assays

and observational techniques such as staining,

compztrgéb;\)lsﬁ ﬂ?&% %aq% f{sgoagé gng Wg%lgﬁs)l( ecﬁiﬂrdlé’tﬁe kSihstantdBy elpivalent”

CDM or Cell -produced
meand\¥hhf Visibi§ micioscopi, physi‘mhgemﬁopah end pthenebasevagions and assays

dono%hﬁgsg%\é%d secret ed, t.fJUCt rﬁr"%lst‘ﬁgb tancgg%&%fjgfﬁgmﬁé’am
dlStln%tg(ﬁC\%?ul-ﬁh g gréfp'\ﬂegi fRAULERS] ifRFanok, dlﬁ 183abdi€fefemce,any

ypé fferentiate, produce tissue.
comp¥ition:a différgmme, a stmotwelcdlffeﬁe@mlmm%ﬂtﬁb’e@me@h% gnsily

pr ogeni t or c Ils, di,f erentl t her
detectpplogvioh stepdard fsais ke Serioral Benffibds ek Al et 1O
Lrix materlal referred to as
nucrog}ﬁyégr?tlﬂf Fear Gowth Mtrix (EC that is_produced Bx
Ram;mmnummmnn’é(E%oﬁéanlb 21\ Ma@ér (5 cé?ﬁﬁefo ced
as des ribe n a I|c i.0
Matrix GsqC @#%rcg?qgsﬁb RnER mEBS JRnFREEY sddTBP ructural substance

produ%%cfﬂg WSa/BF QéietdORéth caRpinicti |emacsamaalspauame ECM/CDM
9,142 f| | ed August 29, 2003,.0of which the

nti.re
provmhtsrtt s mm Forans ek pPEjo mrdbféwa?%ewd PEadi fissue.
y GH TRt as R AN okt bt bRAGBITST e RO GbhLated cols,
b
and aﬁir s&eat;q)% dfbéll bognniey. mhe terin alswistineadel tofincludrethie meatriyr

S e b oS PR P
entmé CIM ¥ aﬁici{?g aﬁd Selfh, RENSIEHHE in E@/blgﬂfcaﬂmi $érial Number

¥ Uc ure as been conpletely uced and
10/93@\;673r1'ged Amgust 8D} 200dovhiein c:lmmm)ontm fm P8 provigigngl application

S TN T R
hembgqg&frp%ged fi ssue §rrf!a?frrﬁ fi‘g g?e o gﬂo‘gs c‘ﬂ} mgnﬁﬁ?gdﬂdeﬂs
migrations sl pﬁ@ﬂl&t@lcpﬂ difforonsintinng ﬂ“}( EGII%@! a&%ﬁﬁﬁ,ﬁﬁm atign ofney
tlssu%?tr %%Wgﬁ or x1§tﬁ?gtceilt1ﬁesﬂé‘ﬁs%ﬁ Heféﬁn ha8ndTREEN IPRbduch® Matrix,

I'S“ ce or a collection of cells.

also caliéd \OeNIdDExleld Npaiteil lﬂCBM)’Iﬁalssunea(nE@’B)dm‘@gmgg@ FOM (o5 matrix)
nmeans, a functional ti

suctopp i s e pgmplsl:ehéwp Roed o AR SIS (G enRED i yiteo
Eté rga'ﬁctb i RhnYs PpiRdicardnrife dithanghanioy lﬁopmnes

fese ce or entities). For exanple, anex-vi
such aeh lmajprio dﬂsmffolde lﬂmstr@qtamornpmsqsélorh@lt@genamlwmgsq ds and

h h ded.
R

L"‘ élf‘ ferfVed® H@u%%&f&ﬂh fobANthatabe scaek foe thei materalnbodya or
I rensi onal tissue §or

component is a cell or a collection of cells.

—t)

“Ex-vivo Cell-produced Tissue (ECT)” as used herein means, a functional tissue
comprising one or more types of cells (or entities) and the ECM (or matrix) that has been

completely produced and arranged by some of these cells (or entities). For example, an
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matrix) that is capable of being transfornmed into a
nore conplex tissue (or matrix) or a conpletely
wdi20domugrss type of tissue (or matrix) that conBCEIB200$/004091
cells (or entities) and the ECM (or matrix) that has
been conpl etely produced and arranged by these cells
. (or_entities). SLiving.Ti B thebdr ddeted @%th
ex-vxvg§g]é—nq%4ug n%;gglnga% ceoﬁ;sqn 3’? t(?m cont ézflllainffdr%g ef:xllrve!'-:a}]lg cells
neumﬁrhgéniﬂoﬁ beIRdRatt diffefeAiistedimcthe t\iShand/foemed nevaslitiseue. i ssue.
ThTs construct can be produced by any neans in vitro,
i ncluding by the use of artificial scaffolds.

A i e
matrix) 8t i$&iphble df Beiag onsfarmiechinian mionechmpics tisgwe detrmptriy) or a
complioneit i e o Sosieor BHPR VGELA Y R0 (6 tahED Sha e
ECM '(;og%gaﬁ{iﬁfm 8 Moot 0 {elefProcdded 18R UnRERI by BBANRILS (or

1"'ons rrnvitro-cell culture/growh such that
entitie§gl | S and their associated ECMtake up all the space

t the bott f th R i sh i
o BT B e HEHE e et S  rSl eBitainhe
living'r'cr:g%fﬁlre}] g In@s tPMitRerehBintype SERdtSe 2i8gueCThis condtiuct €an

at supports in vitro cultures of eukaryotic
be prodatddshy amycheatisriy vid, insdustingbyiiuse ebartifiriabscapigiise’ s

 Seippee R onb b, S pbtient oS bt ghomenco

the pratenb 8ppYiciioaRat|celidaie grovia gldemulntdinddain higts dBSEY growth
Cyroprotective Medium (Freezi n%1 Medi u%?; DNEMcEl%h 1:1;
conditipntnich Gag el e PAEeH B0 SRR Wt 1P TKHPBEEHOTT
( cod ot ik fRirP el (ARt CraHiAWitRRell
L%‘A’%E%’?f% %@‘%@%ﬁe&n&%’ﬁ?gﬁﬁ%ﬁ%@my' S 5A
cultud¥gowiteshclveigit veils dddheimssociateVBUNE4aieatp AlEthe space at the

Eagl e-Earl e’ s, BSS, with ar, wthou -G Wt ani.ne:
bottom 16 MRS daand hessiaisd o foh ppe g MRRAb Bf rordgpot each
other)t 640 wi th HEPES; RPM 1640; or a conbination of any of

‘hese. "Qucocorticoid" as used herein, neans ..
d¢Baseembdisbasyset igrebt meanssay el CBltyIe sprgiyn Hhpd supports in viiro

Cortisol, .cortisones. ' j le's Medi
coltugg oh gl delvan e inE HHeC8 f S1qdi Ggh SERGgle's Medium
(DMEM)SHS e P9 (E1 D)} Has' S F-40 (BK0); BeowsVodificatier of DMEM o

as, a glucocorticoid, or whi i,n}lgéaggts.w I?fs .
(IDMEN); dEBPIUMG1 29; Adptia VBN Ba@@%@% 1els yit R 23Sy

Foblc 0k Redafa ' SFQ P With L-Glutidined Y
Cyro%rro?eg ﬁlv% S@e&&%?ﬁ F ?@?@ng‘?%ﬁmu n at | east about
GlasgovPONEM with higfuthmingr(GMEBEM) VM) BBFPES, with or without L-
Glutamine; L-15 (Leibovitz), without L-Glutamine; McCoy's 5A Modified Medium;
Medium 199; MEM Eagle; MEM Eagle-Earle’s BSS, with or without L-Glutamine;
MEM Eagle-Hanks BSS; NCTC-109; Richter’s CM Medium; RPMI 1640 with HEPES;

RPMI 1640; or a combination of any of these.

“Glucocorticoid” as used herein, means dexamethasone, hydrocortisone,

corticosterone, cortisol, cortisone, prednisone, prednilisone, methylprednisone,
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cells/mB, or growing a single culture to obtain at

| east about 1,000 cells/mB to greater than 200, 000
woebdetusnsB. "G owt h and devel opnent"” as used heCeEiBz2005/004091

.means ability to reproduce and be viable, and includes

proliferation and differentiation and/or tissue

devel U Eragid isy!
budeqogyde, BTG HErasont of Sy, bitks odtipdiRKIaB6HEA B, o B@MOMY referred
to as ra]%]ﬁ(%(fcoft?:oﬁi l@ﬁt:"hlﬂa mmtsaulthqﬂle@ht)myom@it dweceptisss, | ack

0 structura ar di S I nNapl, L |

 iGaoving lotasmambeok Whrphipap 3 et peieh: led DY g pptuclic
of cuf%‘%& oPFifiEBits 8 Bﬁt%mddt TEREALRL 0bO SSlAe’ \ErBiteRthat 260,000

n, means I n tro or in vivo conditions thag

cells/taa), ot g@mng asniglefculttlteetp obtain af leasy aloay 1 H00 solls/mn” to greater
devel op of three-dinensional tissue grow h.
thanm émﬁay i ncl ude use of specific nedia, growh

Gﬁzﬁw anld dAEIBbment” AS wAR Hiedin [ 1R6M6 ability & repslduce and be
ens aeration, agitation, use of ALS "nolds" to

v1abls rm\rlendudbsqmnlifaranog andwliffeasntigtion audfortissug develppmest-
ph t
o RS R a sed HBTR TatiEs B ORI S SRR R Rn S SeBEOR L)

dama%I il rEfRFs @M phiysid@sirdiRgl akd weakmess, ek of structural hardlness
crocarrier beads, use of natural or biodegradable

and maiaﬁfydb demainipfpetif subjectedfoPhysietl SHEHst - seeded
oﬁﬁg.w b’g"‘gﬂﬂ’g‘}(’%‘% i Lhichephi %Hél'?lsﬁﬂe Bwi"VR uStd RerSiCheans

I'sSue such as con ectlve
in wﬁ& bf Bliveéonditione kiea failitatey aidcfurtbert ords agy WAR allow the

e B 15 S 45 R i
medlfxg%n{)%l'bfr'agm?séfmﬁé ﬁ%ﬁbﬁﬁhlterﬁ brhtufeS céfl HERILY, de€tidAl dgitation,

st cell's non-viable. For epi derrml row h
use dfadLOTmOEEH)o, shepemderpuitai rowith of desind tiggieovss af sEPude,

el P i PG P s

(such ACHARVY NS TI NS drawitosf-dasicddissag, us@ofmmmafaamm:mads use
supportive of fibrobl ast ovvth an:ti ?r}ﬁaéu tIO(Ii]

of nature enipdegradeblessoRiolds, AT HBERE RGPRIBIObRSERede alogenic

hvmg gi;agfoﬁé Wég" {/hsmqfwogsrn%%&x 3EH1a8 of RMeSuchhStdiftective,

nolarity, wel ght/volune percent,
eplthéﬁhlghhlé&lelﬂhlormemmkue vol ume/ vol ume percent or any

e et T S k5 T r it can
repld%E% é&ﬁ@g&“} Iefdk37ife BlEibRS Blast @11 bﬁluﬁ@ylltﬁbﬁt&énmmFItmml n

ean uce extracellular matrix nateria
ﬁbro’blaegeam manenahlssl'i’m' epm;nusl@:ow@x fertar (RGH)s sughpquivalent growth

TR TN
growth behdY SEEHEIL hRE ?raﬁdféﬁﬁiﬁg growth factor-o. (TGF-0)

“Concentrations supportive of fibroblast growth and production of extracellular

matrix” as used herein, means concentrations of growth media components, whether
determined by molarity, weight/volume percent, weight/weight percent, volume/volume

percent or any other standard means for measuring concentration, which allow fibroblast
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anew where previously there was none, or where
previously the tissue was partially or conpletely
woaomefdsmss i onal . " Supports the growth" as usedPOEMBI0NS/004091
means that growth is conpatible with, and/or pronoted
by, the system of interest. For exanple, the phrase
"the scaff I
cells so g fepto-bit pEIBER SRt BVt Iy e vy s@fain viable and
prod\ﬂée)e&ébeﬂﬁla@frﬁﬂﬂﬁmateﬁahs that the ALS is conpatible

wi th, and/or pronotes, e h of cel . s

" or‘Regencpte fisFE) S Bfpadierdin P&%ﬁﬁ%{ alogenic lifing, ?Cd’%%% with or

' bthervE S \Senk it tisy
w1thog%§e1@§ odr &e@% taX?/ﬁP@%ﬁ@ &b nancrﬁ%’:%glﬁgﬁ gﬁ SE o a%en e

anew W/HhRPS sraviougii ytmre:whs nate; eswheneguesdenslothe sissierwasnagially or

has undergone nutation and sel ection; or that an
compleily apeniwdcHoBdlei ¢ aci d has actual |y been i ntroduced to

t By il o iAo i At BRI IBAREGYY iSTanpatibierelhAS

tran ectlo suc that the cell or entity has
and/oﬁpﬂjmotaﬂbya t]ntewystctrmfaoteet?Sl sF@r@xapm&ﬂm theyphsase gicsegiRId

and/ or L, essi on pr 4, “«
A
of orggﬁypmeﬁrﬁ tRAYAL B Ss bty mé wmaj dndfor peothotey, thagrowth of cells,
enetic |evel,

with a function, characteristic, or
tissuegeroegans vetlmne,mn erghrquebewih he sqatfolsl- genetical |y
engi neer non J I
o ieppially enfiffes S U nERUIER: 38l oF ity by human

manifHAREENCE aé thentigal Sptasical, dtrmsanetudeu,aar qﬂm nh¢au$,ligs undergone

scaffold adapts to its environnment, an rel atiwe
- mutatien ancb,sehCﬂ%tqr&‘wta%EX%ﬁﬁnP G acid s i Peph Bdafeea to

the cegl{}? c%? ?Etan&:ﬂ*ﬁ %Fcadﬁ}s 506h ¥4 ﬁ&sﬁi&ﬁoﬁ &R6h thagthkeell or

rou d|n ors entities and structures
entityt Hﬂsauqiﬁqdfmwcdiaracmmub,@heoaﬂype,@potypg aflion gene expression

enzymati c_ and/ etic nmea n
PdeqCﬁéP‘i}H@n&BPb‘Pﬁtg‘&“%ﬁE% age%rrngﬁ%&@pf X %r | oé em ch y-A to
endowpl?ﬂéb n?hli%ell ?p gﬂtﬁ? AanRhéidlevsl; wﬁh@lﬂtﬁdloﬂaﬂ&racadnsuc or

scaffold or matrix; evolving fu —éejtlo al |

genetm'slsmclatl noypremm@hm-s@muyalbh@)géwee&é‘ne?n pqt ffrpart cells
ﬁt egrating functionally, phycically, biochemcally
or enttfief or genetically with surround cells, entities and

”]?tSiﬁdrﬁ" a8 uls?cﬁl&.lrém&i rdgeit']ds to ytmeamehmkii\mlg maffpldadqms ithat the
0 extrace ar rowt trix an
livingssafiab] @sEEI 1 GpARRRL S BEGRS IR ARG Al
surroﬁr?%lh%gﬁ)g%tp(ﬁ redefive 84 hdtive Ihzﬁﬁkfi dhtBcBAsRR khd RALlilg ©S

pre-cells and Radicari cells derived
surrotih@ing facoors, dellsztennms dnd snunﬂumlthltoggh pbysg;rabdq;&@enncal cell-

extracelluylar,matrix in vi
signang e smetss mALanBeDr s et me st Py HhE3dud:Tmprobing ito
a moR¥ SOthfle £ BithbinRARy-, physically- and/or genetically- evolved material,
system, scaffold or matrix; evolving functionally, physically, biochemically and/or

genetically; and integrating functionally, phycically, biochemically and/or genetically
with surround cells, entities and materials.

“Cell or cell type suitable for production of extracellular growth matrix” or

“produced by any suitable cell type” as used herein means any cell, cell type, or cell
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growt h nedi a, supplenental factors, and appropriate

stimuli exist and may be applied to these cells and
wenvictougs3t o stinul ate producti on of extracel | BCaAB2005/004091

matri x materi-al, in contrast to non-suitable cel

types and cell entities wherei n conditions, nedia,

factqrs d sti ed
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| d The, | || L
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acid chaine. Bxamples lncwbletham]@gumoﬁ%ﬂﬁé@lenﬁfé‘cl!&%ony al so

phoseBrbime, afiphs AR LfoRRE IR kA AR it

ethanbiiBhikein! Ssekliaifred nRAuse férgpowing, the ALSesrhereinl dmgloseds s u e
at an inplantation site, to a wound, or for in vitro
generation and regeneration of cells, tissue and

0 E[?Pn’zﬁ]tt%élﬁ}é f[’i\%ﬁﬁ%fﬁﬂolﬂg'oéﬁm a@tdﬁh%losé&hérém%é ﬁlade and

actors, and ot her necessary.

compbsedf dﬂhv@xﬁgmlls and the eXiregellntay nmtms) (EGMQ thag these bgmg @e]é% |
b ffers for t an t d
producavEnedige gﬁﬁ%{‘%?ﬂe@ﬁ?‘r FEeRte 14y °ﬂ§8 BUGAR b "
genetgﬂg& réﬂ%lﬂ@ &For difl&rwidhnedifisat @emad blwprints, supportiag
-derived matrix" IS COo ose,ij,hom
structaresbleackbéndsnerscafiolds fox theasame) ail Oéliefﬁﬁ]ll tipgs qrg%ms e ALS may
also IB‘SY]S% élgﬁnség ot %\lgﬁgﬁhgg n{ecﬁ&ﬁ Ghé @herﬁﬁhﬂﬁl‘ﬂﬁﬂmﬁeﬁ@ Gignals, or

y in r i'0S resenbling those in
stimuVil t% Gtheflesl1s; @ihe céllithatyroticdehaAlnSy ® stmanudiag tissue at an

xmpla%?%loﬁtgﬁgia{ g SBE i Beeerat sase TR Sare e
and oa,cigatnis.f %HP&E (?Pr%%gig RER WA nbitients! @wth RRtors, and other

reconstituted extracellular
necedéﬁtyrdrﬁﬁéfulscmhpmnmﬂ%agmy gso takp o weve asthutiarsdoperitain

substaRaga eGSO AR PREES oo Lopniahdiptg e 2

envugﬁﬁn'exg@. of nedical treatnents and in vitro

The fibroblast produced matrix of the ALS, or “cell-derived matrix” (CDM), is
composed of a number of insoluble extracellular matrix (ECM) molecules including
fibronectin, collagen-1 and collagen-3, possibly in ratios resembling those in vivo. ALS
could thus provide a more “natural” environment, or an environment more closely

resembling that of native tissue in vivo, for both fibroblasts and other cells seeded onto
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nodel systens. In one enbodi nent, ALS is conposed of

slowmy proliferating nmultilayered fibroblasts
weoeunteousded by dense extracellul ar matrices praduaemodgo4091
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modef §fsteniy, Ol i f eration, high coI | agen accunul ati on, :
fidbrillar fibronectin organj zation, and the f ormati on
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fibrotIREEHom et awing dihdraell ¢fiek. (dhzfnfgﬁfg&hé cultire MedBefy@h ohe that
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promeigs fibroplastigiovih ta ope tyetd?rgme@é ﬂteggpwalt #nd deyglgpmentiy| ey
s AR, (R EPUcB08 ppGAC Bll tho
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on i1 n Vvivo,

Severaléheafieditysdefihed RRdRYBE fibloblast leive ibeel foraalasdaser flfeqears
from non- human co onents and theALS t hus-forned |

(Betigsr eaf.f1981 cHipley and Eham, 1883: Ferast qaiut 1994; Yaceamiell ils 1099).
None, aﬁSévL't ?e%fﬂc&gtmr%@égﬁ)g o‘?fhx eénle B'déﬁgi ffb&t-%f&gﬁﬁgeﬁ&M,

Cco n
while lsimulttgle&@sajr kedpiisy thra geowxh of fthefﬁlirbbllakta:eﬂsﬂ(emsels& suiffcibrely

only a few cells
slow so th%t the fibroblasts do not over-run other cells seeded into the system. The ALS

Medium allows the proper production of an autogenic “living” scaffold (ALS) system for
producing cells and tissue of interest in vitro, for later implantation in vivo, wherein all

components of the system are entirely defined, free from non-human components, and the
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When i nplanted in_vivo, the Autogenigc LiVi
fromSuadt farkskin ﬁb@b;ﬁétsb dben waring.ab feasite §f & @Flse thand la%PI‘PE%tgl“ may
ar | Iy, especially if the cells conposing the
bed‘%H ic Living Scaffold are from adi fferent host.

Hoywy &dlis of AR AlutGiie IdvingrSgaffoldhady alsyprodpe dthamsefid and
cells seeded onto the Autogenic Livi ng Sca,elﬁgllld IS
beneizjalcorapbnestsiat Fation thatare clpselyiEmiale QEreRera!e ARt e

environments that cells are exposed to in vivo. This helps the seeded cells to grow and
develop into tissue and organs that more closely resemble native tissue and organs. When
implanted in vivo, the Autogenic Living Scaffold is expected to disappear over time, at

least partially, especially if the cells composing the Autogenic Living Scaffold are from a
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heart, other organs or tissue may be produced using an

ALS seeded with cells or tissue of interest. For
weoexerspers3| i ver tissue may be produced from anrP&rLBB1008004091
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migration, proliferation and differentiation, especially tissue generation and regeneration,

at sites of tissue damage. Furthermore, the LTM can be transformed into an “implantable

22



The Living Tissue Matrix is produced by the culturing
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woyepmsroagrss | uent density in a conpletely chem caCirgB2005/004091
defi ned nmedi um (no serum added) such as Matrix Media
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hYal“&"é’écr?"ﬁ%gﬁgg&c‘a’g&;}bsed to wounds in neonatal or_ adult
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ent i g]'s sof t tistsu$
s URtet EEM prodwdied de thisheygtesy proyidss g @pta) euviropmenh 10644-g

e fed with a chem cal ly- def | ' ] KLOEBMR @S creat
aitferzBiyates e e Sl A AR LR itk (ROEEMARH crepte o
regetﬁf‘ative environment and a virtual blastema. In other words, if the millions of

fibroblasts within the LTM (the cells that produced the LTM in the first place) are de-

differentiated or transdifferentiated, the LTM effectively becomes a structurally sound
implantable blastema for multi-tissue type regeneration.
Living Tissue Matrices (LTMs) have potential for being used as soft tissue

substitutes since they are produced solely from cells fed with a chemically-defined
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expensi ve and inherently variable serum nakes the

devel opnent of LTMs as soft tissue substitutes
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oy S 5 G sy
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Ws gas exchange to occur across the walls of the
side afithé entire RGP systas of cathplexs while media components more favorable to the

growth of the cells and tissue that are seeded onto the ALS may be added to the apical

side of the entire system. Another option is to use cell culture systems such as OptiCell™
that allows gas exchange to occur across the walls of the cell culture vessel where the

cells can attach and grow, thus allowing an ALS or LTM grown up to a thickness of
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cells can attach and grow, thus allowi ng an ALS or LTM

grown up to a thickness of about 2mmto be devel oped in
woRttem4s®ce a favorable | ayer of astrocytes hRETABINFI004091

on the layer of fibroblasts, they may both be referred

to as together maki ng up the ECT, or the fibroblasts
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more useful when implanted in the spinal cord, since the implanted nerve cells may then

be aligned in the same direction as the native nerve cells in the spinal cord. In still
another embodiment, a sheet of ALS with the seeded neurons may also be rolled into a

cylinder prior to implantation to produce a structure with layers of neurons aligned in the
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cylinder prior to inplantation to produce a structure
with [ayers of neurons aligned in thesane general
wdi2omoussa as the native neurons in the spinal PCOAB2005/004091
Simlar things may be done for inplantation into other
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increase in the ultimate tensile strength of fibroblast populated collagen lattices In

particular embodiments, fibronectin is generally the second most abundant ECM protein

after collagen in ALSs fed with the Matrix Media.
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after collagen in ALSs fed with the Matrix
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axonfs 1) eczltoin é’aﬂé‘ Iup to 5 mm within a month, and provided functional recovery within 3

months of up to ~12 on the BBB scale when implanted into injured spinal cords in rats.
Still others have shown that fibronectin mats have allowed axons to elongate up to 4-5
mm and reach diameters of up to 3.5 pm within a month, and provided functional
recovery within 3 months of up to ~10 on the BBB scale when implanted into injured

spinal cords in rats. Implanted fibronectin has also been found to aid in the proper
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recovery within 3 nonths of up to ~10 on the BBB scal e
when inplanted into injured spinal cords in rats.
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injured spinal cord, or when cultured in vitro in the absence of ALS systems according to

the present invention. When neural progenitor cells are seeded in vitro onto an ALS in

accordance with embodiments of the present invention, however, the neural progenitor
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with recent (<14 days) spinal cord injury is about to start in Israel and the United States,

but this treatment is designed more to slow down and possibly reverse the degeneration
of nerve cells in diseases such as Parkinson’s disease rather than being designed as a

means for regenerating injured spinal cord nerve cells.
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herein as Fibroblast Autogenic Living Scaffold Medium (fALS Medium), an example of
which is Matrix Media, and described in Example 1. In a particular embodiment, after

the 3-D matrix (ALS) is produced, the ALS is seeded with primary neuronal cells. The
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herei n as Fi brobl ast Autogenic Living Scaffold Medium

(fALS Medium, an exanple of which is Matrix Medi a,
wandoesssi bed in Exanple 1. Li a particular PCT/IB2005/004091
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neurons within 3 weeks (see Mistry et al., 2002). Preliminary results with ALSs seeded
with primary neuronal cells in accordance with the present invention show that the
carbohydrate source galactose is favored over glucose by neurons, and that galactose also

significantly retards the growth of the fibroblasts in the ALS. Thus, in embodiments of
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positive results are expected regardless of when the ALS nerve graft is implanted.

In other embodiments, the ALS nerve graft has the flexibility of taking on almost
any non-rigid shape and may be rolled up into a ball or cylinder. Several thin nerve grafts

may also be layered on top of each other to form different parallel layers of neural
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differentiate and form active neural connections (see

Figures 2-4, for exanple), so positive results are
wexpwsaued3r egar dl ess of when the ALS nerve gr aPCTiiB2005/004091
~inmplanted. In other enbodi nents, the ALS nerve graft

has the flexibility of taking on alnpbst any non-rigid

netwoiRéRANH tiBYmBPagait berblled upiiito axcylialiér arformydd mtbesome other
Several thin nérve grafts may al so pe Iax op
shapeoAlternative farms anésméﬁ%ﬁﬁ%?f%@@ﬁfverﬁﬁféﬁ pee P‘%ﬁ‘f‘g‘rtg giye better
neur al n
s U e A5l K3 J ] b it

transvirdeC §livat, ieus). The faluﬁ'eniemifonnnmumsmprdm&tmmay elsgmf ts

are expected to give better sults in herms of 1 ¢
determined AEHwHER PushABRH SrecioL EXpaFIathip be Granlil ice agivg cells are no
attac%eﬁjb&rtxe i} %Qéhf‘ﬁ' hurtdn® A8Y fibRfblast Ritot efti€ much 6P én

enmen I mmune- suppressants may al so be

1mmui1|etr@§pﬂhs‘be dltembativelygin cshmpwgcmlnr@modlmmts pudeaatsauay ke used
be required, since nerve Is are.no tacked
as madgle RIS RRER R i | SRS AELoRh wBBIEY etpmblfi oy
the ATYGRR ordfls in Mo Bard @ SAM GBbodinkRls B te\itbsént invetidier
parti CLﬁ ar enbodi ments nude rats nay be used _as nodel s

f dn stilipthen emhgiltmmanthn e&h&n@mg@ts ag bersin drycribpde may hal

vencHyEREGachBt EH SR a1 BB B of papona
recovlaﬂ' ilsplrlal &drb %mgmaeweaamrﬁals (xismg%sm y@l«gﬁsafitaxchﬁd) or

ereln descri b may be benchmar ked agai nst, ot her
accordingrte the extent ebadiive fm@t@nahta@é snpaptgdiresenprated,negys cedls (as

detenglgmn ﬁg{leaﬁ?h@fs?&%ﬁﬁﬁl\&éé@ a§96r t8 ?Piede)&éﬂt £ ¥(g§1ﬁﬁ%§i§gs, the time

SCal evas a stan
to furktiefdldedyetycfrérh ﬁxeedatewhemfheq:umwdera‘m seeftedratlifitopn of
npl ant ed/ regenerated nerve cells (as determ ned

COSVféPsé'%@lﬂbEﬁﬁ%FgYeogl cally), or according to the extent of

conplications, the time to functional recovery from

the date when the procedure is started, and froma
EXAMEEESeaS| bility perspective. EXAMPLES Exanple | a -

54 Al Tor Ghovith @ Weidblast ALS —

Msmm"mﬁ@mm cal I y defined nmedia fornul ati on
I'n accordance with the present |nv?nt| ?n cqnt ai ng
3:Qne embaslimentofEvhemicgy gelisdaedia fergplgtion jp pecordance o with
odi um pyruvate) and Ham s F12 nedi um
thepres%%#ré\?ﬁg}ﬁ d&%{]‘i the follow ng conponents: 4.2 x 10

10A/3Hpiade of DIMENMdhigh ghacse (4.§g/h);withab-gletammesdnd soiium

pyruvzate% a)r(ld }Paml 8% f;}lseldl%mFlsukl))rp ekl)llle%%éd Wltﬁ) %erko{:owmg components:

4.2 x 10"'°™ Epidermal Growth Factor (in human serum albumin)
2.8 x 1071°M Basic Fibroblast Growth Factor

8.6 x 10°M insulin

1.0 x 10"M dexamethasone

3.2 x 10*M L-ascorbic acid phosphate magnesium salt n-hydrate
2x 10"°M L-3,3",5-triiodothyronine

10™*M ethanolamine

3.9 x 10®M selenious acid

4 x 10°°M Glutamax™

3.3 x 10°M glutathione (reduced)
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8.6 x 10 5Mnsulin 1.0 x 10 7M dexanet hasone 3.2 X
10 4M.-ascorbic acid phosphate magnesi um sal t
wo2tnetagtse 2 x 10 10M L- 3, 3\ 5-trii odot hyr oni neCTAB204304091
et hanolamne 3.9 x 10 8M selenious acid 4 x | GBM
G utamax(tm 3.3 x 10 6M gl utat hi one (reduced)

peni gi quf {IRR PP beficm mB | n addi tion,
ot her h glﬁfﬁents and \géarl ati ons of the above- Ilst ed

Y -
ot a@&déﬁr QBGAGH B DRlar CATBORE Hhive It Pl iay
conta@ifsiddishay comboncheg surh a BB orlMresHf thafollowig gjmpnnnms
L-proline L-cysteine Tralox Concentrations may

vary'asPlﬂ@lﬂ!iﬂﬁléWd awihfaglonPREE t ot al osnolality in
t he wedl(d68 mtikefglyaineadeauplinebl e | evel s for growt h of
the ALS.-cysiéinexanple, L -ascorbic acid phosphate
magngsipgeal t n-hydrate may range in concentration
fromO0.1 mMMto 3 nM EGF may range in concentration

1 G cRn Gr sfy MalREeE ofibe a8 R olal o GRIARY i d O

medlﬁﬁiﬁ@ REptradhéceptabledeveldforytdwah bO e ALS. Pﬁi@iaﬁ@}e, Laagerhicacid
concentration fromO.1 ng/m to 10 n

phosphat magnesiym salt wmﬁteﬁaaw&yg? H‘rf‘g’é‘c?fﬁlga&‘% Sf@m 0.4 o 3 mM;
EGFH& eﬁg{b%%&%%g%{]%ﬁ to 104%‘%8&4”1\/[ slfel eg L%g acid
concentnation figen 0.03 adhweovier AnMyinfulinmmdyOrangd incob O ratitvh from 10

' f M, t
WM tq 4 OMG N TR By rysea i sonbsReaiin tph DHehg it 1 O ng) -
3,3’ §Pﬂo@<§h Ydhifd)m Q;'eln%'éﬁéénﬁﬁﬁﬂﬁ £dm0.1 AM 10010 AMPdhanolamine
cine: 146 rrML proline; to 675 nM gl yci ne: 1.965

_may mg¢_m memtm:ondma e &sHhQOQ:i@M; seleniges asnd Mgy yangg iy

* conodi3fbA #0 LEBP ot R0 SATFARR R RN im0
mM 0 1098M) B foiReL- b candeyitrhMdnisiisrilMatci 100680mti6y eaiyrbg

Neur onal Cel | s/ Ti ssue - "Neural Medi unt
supplemented with from 0 mM glycine:146 mM L-proline; to 2.675 mM glycine:1.965

mM L -proline; dexamethasone concentrations may vary from 1 nM to 1000 nM; L-
cysteine concentrations may be supplemented with additional 0.1 mM to 1 mM.

Example 1b — Serum-Free Chemically-Defined Medium for Growing Neuronal
Cells/Tissue — “Neural Medium”

One embodiment of a chemically defined media formulation in accordance with the

present invention contains:

A 2:3 ratio of DMEM/F12 and Neurobasal Medium (see Gibco-Invitrogen
Corporation at www.invitrogen.com, or www.invitrogen.co.jp/focus/161006.pdf)
supplemented with the following compoﬁents:

3 x 10"°M Fibroblast Growth Factor 2
8.5 x 10°°M D(+)galactose

6.0 x 10™M progesterone

6.0 x 10M retinyl acetate
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One enbodi nent of a chem cally defined nedia

formul ation in accordance with the present invention
woanicausms3s A 2:3 ratio of DVEM F12 and Neur oba®ai/1B2005/004091

Medi um (see G.bco-Invitrogen Corporation at

WWW. i nvi trogen. com or

Wwww. | n - doPtidoRfetdeus/ 161006. pdf) suppl enent ed
with t%&%% Lﬁﬂ;\g?]%s eérponents: 3 x 10 10MFi br obl ast
G owt h ‘Fal 5% 10 6M D(+)gal actose 6.0 x 10

8M pt od&;épgl}qé{angt_{@e x.10 7Mretinyl acetate 9.0 x 10
8M cor tlikpd08Mdineleia Agidc 10 4mputrescine 1.0 x 10 5M
car né t ideiex 10°°MI linol@tic AMdl i nol eic Acid 4.3 x 10"6M
| i no} eni®x AQTHI bidti® x | O6MMUn 4.0 x 10 6M Trol ox
1°/<ﬁepi G kgaﬁﬁf—f-l%mxonyci n/anphotericin B I'n addition,
ot her adi.nent LAty ; t he above-1Ii sted
medi Um Hab© %ﬁe%%ﬁ@glﬁg?&%ﬁg?nems, and
concentrations may vary as required. Exanple 2.

Tn addifiOfl fthdr@ftfRbinktty APlaidtions\6Tithe abdvg-ftddrmeédiamtmaGetdntain
Isolated fromthe derm s of newborn human foreskin

additibaalgempontiss.sand conenraons IR 8 1RgHEeY-sol at ed from
t he glerm's of_ newborn human foreskin. Cells were

r0|.| I er_t ed | c L uI ab E@iﬁbl%ggewrv_ubl%m the
dem%%h%?ﬁ&tmt%ﬁgkmassages, the fibroblast cells were
[ t he superna

ed a RPMs ] tani decant
i gunirasts of flooblist ccln et SOBIBIIIT Heglsrae o dgnpam

© i3S YRS e | bt DRAL Medi
homagygieskE: Leng Nofe Relipdiyed MRS ARRSfod Wit DA Medium
with ﬁg%qqfllsexmllﬂ Rir FBSr (BCY) fﬁ‘e&dvetiﬁllmekse Aftererfew mssafes, the
12-we pl ates _or ot cont ai ners. sui.t 0
Sibroblasteely werscienrifufad it 000 RPRls, 85 SORAPAERRacEHF Bnf e ots
' DRbpeniean WIsZ0RdR@0as described
P°°‘e§9§‘2}%€?vp‘?@ﬁ%‘inﬁa D oot b o At
abové€ 81 Eaniigle @, than sé¢edid édo TransWells™ or BD Falcon™/BioCoat™ Cell

Culture Inserts or 6- or 12-well plates or other small containers suitable for in vitro cell

4

-}

culture, at superconfluent conditions, whereby cell density was between about 200,000 to
greater than about 1,000,000 cells/cm?. The fibroblast cells were maintained at
hyperconfluent conditions for about 3 weeks (or optionally about 1 week or longer than
10 weeks), during which time they were observed to produce Extracellular Matrix, thus
creating a Fibroblast ALS about 300 pm thick. See Figs. 3-9, and Figs. 12-13, for
example, showing clearly visible extracellular matrices. Other embodiments may include
Extracellular Matrices that have been produced by the fibroblasts resulting in ALSs that
are 50 pm to 500 pm thick, or even up to or greater than 1 mm thick.

In one embodiment, the fibroblast ALS is grown on a circular porous
polyethylene (Huang et al., (1993) Annal Biomed Eng 21(3): 2890305 and Uysal et al.,
(2003) Plast Reconstr Surg 112(2):540-6, both of which are incorporated by reference
herein) or ceramic support that exposes both sides of the ALS to media. This allows the
ALS to grow faster and thicker due to the shorter diffusion distance for gases and
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hyper confl uent conditions for about 3 weeks (or
optionally about 1 week or | onger than 10 weeks),
wduaoierigsishi ch tinme they were observed to produeT/1B2005/004091
Extracel lular Matrix, thus creating a Fibroblast ALS
about 300 mm thick. See Figs. 3-9, and Figs. 12-13,
.for, e i VI S ]
nutrien@ QR B (S ofeuTa Ridtid oty BuEHNE BEE b of o
culturidll. a@terratiesly ) the AlLScisgrewn du 0dgnbFransWells B (Clokzing,2003),

S bR S B B e
CDM?W@géer@%ﬁgeEl% LRSvADInR 2T Ve Srbw qut@ MBI Bmthick ¥ Sitro

por ous po ne (Huang et al, (1993) Annal Bioned
due tdihg efidid)t ga&ahange fom bofissidesaf the AL pHpatheraliesnative is to

; =6.. bqih [ .
Y e TERTENC N e —
medi&a?ﬁ) (\)Iﬁrﬁ?tgﬁ)etﬁe A anvll tiSSe Sforl the ANSS Usingi i TrddsVells™ or

e ALS to grow faster and thicker due to the
centesell begandinithreglishes (BDBinsierces # §a33) alsasllevs morenytrgnf

meaig BT oA e TP RIS bE P R0y 3P e SR or
may Bﬂu&h&"!ﬁh@x&e@ -b?ﬁﬁér&' ¢ phsial plessu@oohOn(pO,? BRBhe cells and

hough this [imts the subsequent seedi ng, of ?t her
insidecefl the eylpye vessel arg expased & dde ppres Hethemorouspalysdylene or

B B 8, MBS B et

I cl ent gas exchange from
preveh@tirdih greving oh e WEIB. andithe esidekirde oéthieporous podyethydene or

e S T g ML S, B el et L Ao
(slgnga:wgé'nzﬁah%agfe{ RS oinIn aWaigRAdN magh%ﬁ\ee Shsfeh#dd ALSs

organ cul ture dishes (B I osci ences #
may R580&2) tahse mbieadendritie Bbreblast marphelagy athersbl allowg merg

Lpernmts the l1.s tg be. cl Myt
st g LS PR ARS el Mian s o
mechhmiedl@Ggiul@ionhe partial pressure of O Q2) that the
cells and inside of the culture vessel are exposed to.

The pores in the porous polyethyl ene or ceramc

ExampiR Gk g?tPJfgyla 581 ﬁ@%}&% ﬁ@mﬁi‘l EaVakhachnent for

rom grow ng on the wells
ard ohé embodigietl adange hamber fibroblastrasils (Guhrex KI-2519) avere

centrifegssp AppH BB LgaPEetor Ashut BEGH RFER Y AP of the
supex}%ha&). THHEQIANEARbBbE veEOMen kdtuspeRdSPRNMIES M¥dium and seeded

oating state. Suspended ALSs nay be induced to have
into TrangW elis®d i BDFdl¢in™BioCeatFroCghChlberg Inserie pbsppergondudngy)

nmore flexibiljty i;n nodifyin characteri stics. of
(betwmp st 1000 st e B igaobdHo Sel B b S s s
i i t2-Pweblbs ot1bkLRer B Bfpefc@hflhdt conditions until
Medi née”\r']rélz}ﬁ %gﬁy@ragﬁgl C‘evlel s/ Ti ssg&é
the desired amount and thickness of ALS had formed.
At this point, the ALS containing fibroblasts and extensive CDM was seeded with
neural progenitor cells (Cambrex CC-2599), and the basolateral side of the TransWells™

continued to be fed with fALS Medium while the apical side was fed with Neural

Medium every 2-3 days for another 2 — 4 weeks or longer.
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In one enbodi nent, a | arge nunber fibroblast cells
(Canbrex CC-2509) were centrifuged, at approxi mately

weQos/mgrss f or about 8min, followed by renoval eETaB®05/004091
supernatant. The resulting fibroblasts were then
resuspended in ALS Medium and seeded into

% Alptp &%}5@@%@@5(—:&&@ fikd ﬁﬁroﬁﬁkﬂs in response
cu ure nse per cont [ uency tween about
to thd pfeféhce of the/smdbdtneugl pmgemtarmaﬂs aﬁbsmesemein the A (but they

d fed h AL Medi f 2- )
may gl3ake Saded) 5,k aPPIapen By SO RIGEIDRHCHS fosAt Ry difefentintg into
both ﬂﬁ&g 'eEfis, 20PHAEncRd ng&hfdﬁﬁﬁ%% né&ve Akénd) ast S1e1 eelts. Méural

poi'nt, the ALS containing fibroblas s and
progenitoe uellsieplpiddiaty memu@uamnmalmm and grewgdn thegbsence|of an

ALS WS e iyt P b VB B o STy b

dlffei'éﬂhht% ihldgianietia) Bat éhﬁbaﬁ@)‘é sb@finFiflive e Hererhl progenitd eMBy Y
-3 days Tor another - 4 weeks or longer.Wth tine

growam afifproblasti Ak hgve mff'prernén@tedrlgto botlh perve axofs apd glial cells.
b t aeded
Addxhg 31 &Ja 3 eS %ﬁl}({wosrlﬁgﬁf}lﬁge f)ﬂl Qﬁm ?5 S?Sa{(igns%%thmaﬁgwcgLz[ated

S an resen

fromtrf@dal pﬁigeﬁkcﬁ"@eb@g@%&ﬂl aaﬁbrab&up@LSne nt), the neur al
progenitor cells began to differentiate into bot

n erggreé dithepugh Z shew gestions) Owbqob aseAls $yHems, %‘P‘V%‘nmgr onal
cellsﬁﬂgaeqhétaa!re ?}&Jréém INGHIFRL MK Jpgﬁglf Gh e‘éﬁ# skt 9EtkétHate
int o nama an

Iran spi nal cor grown t he absence of
neurddenéiiSiiayistegpresked lsbtbrtlgl |aftéenamdmaitemnmiﬂ amtmtsh Tihe myazker is

cell.s and ceII the i fferentiate into
obseryeriap nip el bliss Baedish HovadEnt; fe e heL e Ry af can be
seen,Wa?gﬁ Istz08 régfdds ?&fﬁf&%&ﬂs&tiﬁh@éﬁ%rﬁ@éelﬂoﬁaes? éx’p'tessmg the
di entrated into

both nerve axons and glia | s.
anti-Hd MADb Al | marksr grer iaditalgd oasging dih jize fronpd pm @MPWW@H
of neurons that have differentiated from neura
progenitor cells grown on a fibroblast ALS. Figures 3
Exartplé 9UBhvitfo PPeYocdl ¢ort Ganvsardie Mubole DeHsTisileS syst ens

O o A arse bRt bk T AR S S800) Were
centrfiFREA PRI &am*a{égt mﬂg)ers §1§&R sﬁhwfbhawéé bfferitiil 6NRL

m’nal**m t oSl er I's observed in nerve cell
supehradme sThasresuslting ﬁhrobtastmwerp thes requlspended in fAICS Mediume and

o PS di f f t
scedgd i TisaeWp it op B Bica i ipCaiht ey Eliedisciiiat e
supelgalzlgu%ﬂgg %%gwééﬂbo&t mdfeéusms td“gib&éf ﬁx@n zo@am wlshﬁm3) and

mmto oVer 20 nm CIn vit
fed vRttofAICOMellimm Sene? -3t days) fovlabotte2- B:ewelekal i Igagmf af hypm@nﬂuent

oS I S S

f oAt #ACHinSiHe ALY &irtANRE fibYoBlSHP¥ Rl e}&énswéfCDM was seeded with
human skeletal muscle myoblasts (Cambrex CC-2580), and the basolateral side of the
TransWells continued to be fed with ALS Medium while the apical side was fed with
Skeletal Muscle Medium (Cambrex CC-3160) every 2-3 days for another 2 — 4 weeks or

longer. With time and appropriate growth factors, secreted by the fibroblasts in response

to the presence of the seeded skeletal muscle myoblasts and so present in the ALS (but
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supernatant. The resulting fibroblasts were then
resuspended in fALS Medi um and seeded into

woresaMelsBs(t m or BD Fal con(tnm)/ Bi oCoat (tm CelCir/1B2005/004091
Culture Inserts at superconfluency (between about
1,000 cells/mB to greater than 200,000 cells/mB),

they 813§ alsdtbevddibd AL SupRaiheat), éakyletl sl Snyoblas® tb@gén 3

weeks or |onger at hyperconfluent conditions until the

differeatintedatoskelatel masele celise Higes b4 and B shay trighraser staiping of two

' . . S i _
diftef} SecBAL bt 3 ANSHENALE AR citainbald R0 (1efihe, ope about 70
pm thiyR (Figs12) apndatdsther settictbdiont 1 B mtthiek Bigo13)t dhalfibsotlast

of the TransWells continued to be fed with ALS Medium
extraggllular mateix of collagen fipers are bingthg apeleigithe ALS fimallps cells are’.

. | ﬁmp Q.{g?ﬂ 1tRin WY ALfClre M2
(blm%iﬂév%gé S or&?gnr%%re. tlﬁatéf&rrgsg%&c ap%roprl ateg&g‘lr;b?v\?tsh
reddifiaspots withinethe Al Sckebtjorishe fi br obl asts in response to

the presence of the seeded skeletal nuscle myobl asts
and so present in the ALS (butthey may al so be added

Exaﬁe?. BURRS PrEDEOL for Dénet bRl LLDEr THSE © NYODl asts began
O differentirate rnto skeletal nuscle cells. Figures
12naome efidodimant ta largemumbes fibroblasycedls (Cambrtixi(GE@2608) were
ections of .a fib | ast. ALS syste ontajl nin scl e
centrififed, A frofomitelshel AT Hompt RIS R freT b HyAt the
superfhfafl. BRClebfliin@hbroblasth watBtHehirédushdnided inlfAL.S MR@ium and

fibroblast extracellular matrix of collagen fibers are
seeded) inte, TrahsWell or BbY Falean"ABio€oasPoCelh Cnlture Ihserta at!

superGpoiieRC) febeiee aPRr L AT B & G e AER i), anc
fed withGANSMe @it Ry 2B ANPIE about! 13 WekkPobRded abhypefionfluent
Cenerating Liver Tissue In one enbodinent, a large

condigignpantilithedesined gmoprt qnd thicknsss ek AES rd formeder e
Lo : .
£ o thls i she 21 ST P O SRUAIE TS BB with

humahiliepatotyes Canehirex Clie26 913 and plenisisdlatenal fsleSf MedTrans Wells
.seeded into, Tr l].s(tm).. of BD _ . .
contiRiERde e €7 Vi SRba s tile b, el sideTeas fed wigh Hepatocyte
MediGMRERaMHEA CEmYsi &R MHa3® BHandehBPP —Skdeks BFRnker, With
greater than 200,000 cellS/mB), and fed wth fALS
time yslappropsiate growiigfadgtoys s¢aseted by the fibrablasts irsresporiso tthe at

h onfluent conditions until. the i red anmount .an
preseyiisfe StculFBipabst pd 5 pitBénitin kAL B ey BB HR) 18 B
as a sGPPIEMEN),tHe hégatatilted bt gantodiffetainat itto bR SecstRgeVer cells

_V\Aﬂ?h hﬂﬂ)rmn he%a(?gt:yt e%m?Carrbrex CC-2591), and tﬁlg
and tiggigo| at eral side of the TransVells continued to be fed

with fALS Medium while the apical side was fed with

Hepat ocyt e Medi um (Canbrex CC-3198) every 2-3 days for
ExampleaSd) el vivo- Prbtovetlos GenetadngPRegenbirbting Neuronal Tissue Using In

Vitro ALS Systems Seeded with Neural Progenitor Cells

Rat/Rodent Spinal Cord
In one embodiment of the present invention, the lower spinal cord of an adult

nude Fisher rat is partially severed under general anesthesia (a complete and full 5mm

long spinal cord transection) such that the rat is paralyzed from below the point of injury
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time and appropriate growh factors, secreted by the

fibroblasts in response to the presence of the seeded
woepmsioagigses and so present in the ALS (but thegTaBawos/004091

al so be added as a suppl enent), the hepatocytes began

to differentiate into al bum n-secreting liver cells

(the s@e Bgs Hﬁl‘? ?lﬁfséﬁ‘ Si{hSh&3dhe loWey linibs RieDh - Rincfidial after excision —

egenerati ng Neuronal Tissue Using In Vitro
generéllﬁTsyEt(})nNeﬁmadb@MtlﬁwewmfatedF’P igesnvithin adihrpblast

Rat / pi nal
syt e Shpr T oo SRR 3fl of iy prom
cells GH6tRe hﬁrﬁﬁﬁ@' nefifal béll B, biddl dsylettied ireHxample3, gemextimplanted
anesthesia (a conplete and full 5nmlong spinal cord

into ttw b spioal athe pite OGINW e rat | s paral yzed from bel ow

u iShiCh

e e o it Wi te A HPRERLPAT
g S e bt i
In vitro within a fibrablas e
form lacmmueal connesHORFEith s¥isting IP%V%W\%&{’ 8@“F 3? ﬁlﬁ%ﬁg’wﬂs’&a‘m site.
eur anal

Any geg,allfugg pgﬁ{ag?;&fg&ﬂssat E& t%gsﬁéﬁ fanta n e %ﬁn% dgtﬁétrgndﬁt@ngﬁéo
function@l fiedVe Sgllsrall tisaued Tie rathe npintaned and@hsegved Tors8 weeks or

Bkl e

legs, ]QP Lyeda¥s G0, % witherfafi€ uSesl i 1ahd Feb, 6t tBe sbalige walk

ormactive-™n connections with existin nerves on
usmgaasdhnd lags forfa shioet a dqsnamu Expe@nnfmt& kave spdgr rp@ﬁ@ri AR pEperimental

neur ons at
animfs peagining Sy pavPatrETaroneRng R 4% AAREREE Qe
as cof Brddab ah%véfﬁ Q6F0 b theBBIB efiefor edntrolranfinddeeks or
nger, and o served for indications of neurogenesis,

such as the ability to nove its hind | egs, or even the

6b. Ig%aﬁbjgl Iggég‘]ocgl f\'\@Héné’)‘a{tbg/ﬁ@ﬁe@&mtmﬁ%u%ndl 7555t US’mk?ﬂVztr&LTM
O war K- UsS S Nnrnad legs 1tor a shor
SystessSEIRRE the Mmrxmﬂhm thaﬂ.é‘]lﬁareﬂﬁ nsdéffarentiated into Neurons
experinmental aninmals regaining sensation and m)verrent
WHM&%@ to up to 14 on the BBB scale, as
C OfRiHe @ehtoRirAtht ®F ﬁfc‘%}@seﬁﬂ‘ inderftfon! the 18KBE spirl Cord @f an adult

control aninals. S In vivo Protocol for
nude@isher adt ump;drmgeswmmungermmr@hwsmpe@ (recauaplpig apd full Smm

longiifi"tErOL (SI/I @&éﬁm&{h&l&' %{t 1&% sons égmf ER%I EFJB |ct>||° irfia\ﬁr]ury

(the &&rd? PR %h@é’éﬂ%dbmt thelowdrdintisegenon-fiumediohal after ¢xietsion —

| ower “spi nal cord of an adult nude Fi s alta
genepdlyt TR 19). Narsonsdi cellsdissuqganeraind HYELR Wétgll'“aafK lete
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Neurogen media with cytochalasin B for 60h, followed by replacing the media with fresh

Neurogen media for 2-3 days) are next implanted into the rat spinal cord at the site of
injury.

The neuronal cells within the LTM grow and form active neural connections with
existing nerves on each side of the implantation site over several weeks. Remaining

neurons on each side of the transection site appear to also start growing into the LTM
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7. In vivo Protocol for Generating/Regenerating Cartilage Tissue Using In Vitro ALS
Systems Seeded with Chondrocytes

In one embodiment, a large number fibroblast cells were centrifuged, at

approximately 1000 rpm for about 8min, followed by removal of the supernatant. The
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also promotes the attachment and integration of the cartilage disc once it is implanted.
Such a procedure may be used to create, for example, cartilage discs for replacement

within a vertebrate spinal column.
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native generating/regenerating tissue, LTMs also support significantly faster rates of cell
adhesion, migration, proliferation, differentiation, and acquisition of in vivo-like
morphology than reconstituted ECM. The extracellular matrix (ECM) portion of the
LTM:s consists of several components such as collagen I, collagen III, fibronectin,

proteoglycans, sulfated glycosaminoglycans, hyaluronic acid, and decorin.
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10. Methods for Preparing and Analyzing Living Tissue Matrices (LTMs) or Autogenic

Living Scaffolds (ALSs) and their Cell-Derived Matrix (CDM) component versus
Fibroblast-Populated Collagen Gels and Fibrin Gels
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D. Collagen Gel, Fibrin Gel and ALS/LTM Prepatation
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E. Mechanical Testing
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The ultimate tensile strength (UTS) was calculated by:
UIS=TIt, (eq. 3)
where ¢ is the initial thickness of the specimen before inflation. The actual
thickness at the time of bursting was less than this value. Thus the calculated UTS

(engineering stress) is less than the true stress at failure, since the thickness of the
specimens decreased as they were being inflated.

The ultimate tensile strength per collagen density (UTS / Collagen Density) was
calculated by:
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speci mens decreased as they were being inflated. The
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assum ng
Proteinase K (Inv1trogen), 50 ug in 500 pl solution of 10 mM EDTA and 0.1 M sodium

phosphate (pH 6.5) (Fisher) overnight at 60 °C. A 100 ul aliquot of the digest was used

for determining sulfated glycosaminoglycan and proteoglycan content (that did not
include hyaluronic acid) with the Blycan™ Assay (Biocolor). A 10 pl aliquot of the
digest was then used to determine DNA content, and thus cell number (assuming 8 pg of
DNA per cell), with Hoechst 33258 dye (Amersham Biosciences, Piscataway, NJ) on a
DyNA Quant 200 fluorometer (Amersham Biosciences). 100-200 ul aliquots of the

Proteinase K digests were used to determine the non-acid and pepsin extractable collagen
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(tEM) according to the methods of Gibson and Lang (1979). Briefly, the samples were

fixed in 2 % glutaraldehyde for 1 hour, rinsed 3 times in sodium cacodylate buffer, fixed
in osmium tetroxide for 10 minutes, and dehydrated in 10 minute ethanol (VWR) steps
followed by two washes in propylene oxide (all from Electron Microscopy Sciences,

Hatfield, PA). The samples were then embedded in epon-araldite resin (Electron
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;-

superior to ECM generated by allowing cells to compact and remodel gels cast from
purified solutions of collagen or fibrin. To reduce experimental variability, all groups
were grown in parallel with two million human foreskin fibroblasts from the same batch,
fed with the same standard serum-supplemented media at the same time, and grown for

3-weeks next to each other on the same 6-well plates. The collagen gels (CGs) and fibrin
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3-weeks next to each other on the sane 6-well plates.
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S U‘ﬂpérﬁm‘iﬁﬁhﬂ sMhe\priekensigdefined ingention also provides a relatively
simple chemically-defined medium for promoting high ECM synthesis by multilayered

fibroblasts. Embodiments of the resulting minimal serum-free medium are similar to a
serum-supplemented medium, except that in place of supplementation with serum, the
chemically-defined medium is supplemented with basic fibroblast growth factor (bFGF),
epidermal growth factor (EGF), dexamethasone and L-3,3’,5-triiodothyronine, and a few
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less ECM proteins than in monolayer cultures, while fibroblasts entrapped in purified

fibrin retain their ability to produce ECM protein, our data also surprisingly demonstrate
that fibroblasts in self-produced collagen-rich matrices produce an even greater amount

of ECM proteins such as collagen than in purified fibrin gels. Moreover, although the
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found that the UTS of fibrin gels are correlated to the total collagen amount in the

constructs (R = 0.77 at day 21), and our study found that the UTS correlated to the

—

collagen density (R* = 0.73 at day 21) not just in fibrin gels but also in collagen gels and
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found that the UTS of fibrin gels are correlated to

the total collagen anount in the constructs (R2 = 0.77
wabkomays781), and our study found that the UTS PCT/IB2005/004091

correlated to the collagen density (R2 = 0.73 at day

21) not just in fibrin gels but also in collagen gels
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The lowered growth factor concentration over time that occurs naturally in vivo

during the wound healing response, where the high concentration of growth factors in a

54
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(Table 1 and Figure 16J), closer mimicking native soft connective tissue.
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and even native tissues. Table 1.
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12. A construct according to any of clains 1-11,

wherein the scaffold further conprises additional
woebdessissssue or comnbi nations thereof 13. A CPOFIB2005/004091

according to claim12 wherein the additional cells or

tissue are of a type other than the suitable cells.

What i d@medr uct according to claim1 or 2 that is an

aut ogenic living scaffold.15. A construct according to

claiml or 2 that is a living tissue matrix. 16. A
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degehidehnetdls cﬁﬁllphﬂngtcelﬂiasﬁemmnmmbe niatueand thehenffolld ramynbles in

include stemcells, progenitor cells, precursor cells;
Vi 3-D qemnective tissue.

10. A construct according to claim 1 or 2, wherein the suifable cells may be any of
fibroblasts, myofibroblasts, stromal cells, endothelial cells, or any other cell type that
produces extracellular matrix in vitro.

11. A construct according to claim 1 or 2, wherein the cells are maintained at a
density of about 1,000 cells/mm? to greater than about 200,000 cells/mm?.

12. A construct according to any of claims 1-11, wherein the scaffold further
comprises additional cells, tissue or combinations thereof

13. A construct according to claim 12 wherein the additional cells or tissue are of a type
other than the suitable cells. ‘

14. A construct according to claim 1 or 2 that is an autogenic living scaffold.

58
SUBSTITUTE SHEET (RULE 26)



ti ssue of a connective, epithelial, nmuscle, nerve or

gl andul ar origin; and cells of vascul ar and/or
woameowasssl ar organ origin includi ng neurobl asPomaB2005/004091

myobl asts, astrocytes, cardionyocytes skel etal nmnuscle

bl h . d bl
1 BreoBriakic S RBPRE) HomyH 88 3 K RuA e re Pgve
P@l A%on@%u'c@écc@ﬁinll oe §/' otf Iaﬁdllﬂ‘lék lge(hétsproﬁefé?taﬁ‘fb{ @kferentlatmn

I's, snooth nus el etal” nuscle ce
ctedrffhramanus dkalsdléfekama&dm analy coedtistionekaadfi dflcelBebd tsue.

e ieti cel | dendritic
Perke §Cq s‘izggéfm &gt 16 Wibsray e ooy o i ergpdighen.c

&eﬁ?f?éﬂ&tlaﬁ‘% ttfcﬁ‘ﬁs&h%ﬁ%‘lﬁaué(r?&oa‘ﬁ? c()hﬁ)gr?hg ‘Eﬁé}ééfl dﬁ"cﬁy occur in vivo or in

tissue, cartilage, bone
vireb.l i cl es. 26. A construct according to cI ai m 25,
ort grom h of cells,

ein the co Struct S
])[@h s‘g &%“Stréi?tga&ﬁ%r it "-O@BMS?? ﬁﬁt%ﬁégt%rpé@mte@ gy of cell growth,
t
B R O o LA o Rk Ebritofory o sny,
comdlinatien gtegenicel I s, progenitor cells, precursor cells;

4 GBS Gree S e AL SR Sgrton

aABGL chqluﬂs‘i’t'ibﬂfﬁszﬁ %@Uﬂ&fﬁ@l@)h@h@? loP ahPEdH6inASon thereof may occur in
neur obl ast onas, nyobl asts$ rocytes, cardi omyocyt

VBRI @ witropruscl e nyoblasts hepatocytes chondrocytes
9Shego?1lsﬁr§elcrt \?gc%g%lgq %1 QI or??luﬁb(l’ernco%%( zrfgi a%%ﬂgmﬁgf%glls, tissue or

cemtptiiehd tatre6! | S, snpoth nuscle cells, skel etal
nmuscl e cel | s, cardlac nmuscl e cells stronal cells,
2he defingranct aesarding e slaie Hyardl wheseinghe priwtibeio pavtogenic living
GEtd$, dendritic cells, inmune systemcells, neural
tissue, hepatic tissue, aortic tissue, venous tissue,
22api donatryct heasdiag te akatrh [lage, wiresia thewgsiract igh dng, t1s§trainatnx

azlr follicles. . 28. A scaffold according to claim
ErIBVRE HiFpe CAtdE AeRording fhdris 24 Wé‘e@PbWFﬁlbé‘?bI%%ﬁf wghm the LTM

ale BB ffeRhEHEE intd rneﬁ%ﬂpb? g%h}ﬁ%ghé %ﬁ/ﬁﬁfr segegal Hours to da%st into

construct according to c , erein the constru
Np\ﬂ@i/méslrm supplemhented with optochalasie Be fodjorwed theyl plaiggpihe ,TM into

ons thereof. 30. A construct according to
frgff Iﬁ?ﬁq‘t{]ﬂoﬁé&‘i‘g’rel n the construct provides mechani cal
24nd cohsthiet BEdkdiy BPSlEim 131 -15Ar QORH S thed&n®istt Aart & vivo cell-
cl ai m 30, wherein the construct provi des support for

pr@épqeglt;sp,uq he construct. 32. A construct according to

2§| ﬂ'c%%%ct X‘(ﬂ)%kﬁ{l% té El&m? ff‘ f\If eregn Vciddt onaf' u&ﬁ otrlstsué 8rr an

[an
combmatlons thereof may include stem cells, progenitor cells, precursor cells; cells or

tissue of a connective, epithelial, muscle, nerve or glandular origin; and cells of vascular
and/or non-vascular organ origin including neuroblastomas, myoblasts, astrocytes,
cardiomyocytes, skeletal muscle myoblasts, hepatocytes, chondrocytes, osteoblasts,
fibroblasts, keratinocytes, Schwann cells, nerve cells, glial cells, epithelial cells,
endothelial cells, smooth muscle cells, skeletal muscle cells, cardiac muscle cells,

stromal cells, mesangial cells, mesenchymal cells, hematopoietic cells, dendritic cells,
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33. A construct according to claim 30, wherein the
construct provides support for regenerating cells,
woOi2emv0es8 or gans. 34. A construct accordi ng t®CcTiiBions/004091
30, wherein the construct provides support for wound
repair. 35. A construct according to claim12, wherein
ifBRme oyssd uells, haghlnissad, hapiticripstie aartwitissuegvenous tissue, capillary
inplantation from cont act t wi t hi n about 36 hours,
tiang. eastteEs bese. arYsaleh 813G ds: bl fallicltgys, weeks, or

go nt i oqgtp&? gécggdnq% td Qing b5 SwiMrein TR @tﬁ'fesﬁfslc%tt%gp%}%}g the growth of

ree o |rmunessemact|V|ty at

caﬁphﬁmbﬂﬁgam,m&ﬁmﬂﬁnﬂﬁﬂﬁt%ﬂaﬁ accord|ng to clai m 35,
wherein the site of inplantation is n vivao site.

237 A gRugisht aeeeding & Rt Ag, WherEmdhpaddtonaeslty Howkar
cg‘ﬂn[bl Rcfms tHBJe%%I; in%ﬂld%%t célﬁséfotg V\ﬁto?'c[eﬁs, 1p%urs’ér cells; cells or

CORSET UCt  accor ng to clarm erern e of
tikdtiplofatcaineotive, gpihelial, enigelen nédve Hu glandmianm@n armlrceﬂs of vascular

. conbi nati on thereof. 39.. A construct accor 3
apd/af PR VASCHARPIERH O 1a¢Ipding meyobagiomas; gHo lasts agtropytes,

c%ﬁ{é’ﬂ%&%&t\é? sk@l@‘aﬁ hekdie oyomb%fsl pa%cgfé@,réh%n&ﬂo%?ﬂé?,'os%'bblasts,

Vascul ar or vascu rgan, or
fibmblbdstsakératisocteey Subifivany @allsﬂ\nen/n%]du liabetlorapithglizl gells,
claiml1l2, wherein t syi tahl e cel ri.se
ol Gl <o PSS aeits PBRE Car1E caBnBrHRE musple eely
sEHRNCEL sV ResaBPial 88lsi AbsernBHpBhicoel 18 Heyiopdictit@eliRdendritic cells,
vascul ar, non-vascul ar organs, or conbi nations

irnenesfsierdells mavonlSissues hepaticisaian ot tispug, Hemops tissue, capillary

th t t I Il 42. A
et et RO Rt Eatl A S IRHER o The 1 f cspan

29f t Recaredid atcosd@ht %o £18ine 2V eRB@Einahe t@RGUCEAPPdrts the growth of
two-fold conpared to neural cells in the absence of

cellsetissopgtrganst or combimtioppsherepdt according to clai m 41,

%\.'h € rE' ?gtﬁ'u%t gcrcgg{)x%{oycéﬁ}n ?f SvigHhL mongﬁuc!t réﬁdés%ﬁﬁ%al

east d conpared to ne rm

sup@oﬁh@vabfpﬁmﬁﬁl prpbhﬁommsbmmums theteofA net hod for
usi ng the construct of ei Lé]er claim1 or 2 corr(E)rl Si g
30rodef iCABSIAICRATRTIIN (O Ytk Yherein i conseyed prpdasimegfignical and
SiEf fgonbi nation thereof in vitro. 45 A method
Stg%:écorr(rjE %Oto claim44, wherein the suitable cells are
3f.ed Aicbhstsier anorbrdéeg to claim 30, wherein the construct provides support for

cells in the construct.

32. A construct according to claim 30, wherein the scaffold provides support for an
implantation site.

33. A construct according to claim 30, wherein the construct provides support for
regenerating cells, tissue or organs.

34. A construct according to claim 30, wherein the construct provides support for
wound repair.

35. A construct according to claim 12, wherein the construct begins attaching to a site

of implantation from contact to within about 36 hours, and continues attaching for
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medi a. 46. A nethod according to claim45, wherein the
serumfree nedia conprises: base nedia basic

woOizwepagmst growt h factor (bFGF) or equi val ent pPgTaB200S/004091
factor; insulin; glucocorticoid; and sel eni umat
concentrations suitable to sustain fibroblast grow h.

séJeralAdﬁr? t0Qdls af GRih S WkpbRdisg 8h Medlte offi@plantativhend degree of

3 4 .
serumfree nmedia further conprises one or nore of:

iextune systginucening tipsitf of implaptatiant he f or m of

ut amax) ; an addi ti onal 0 fact ' - .
G owencosipgrioqeing © By &5 Ve e e p R g an i vive
tEDGF) ,etc.) L-3,3 ' ,5-triiodothyronine; a lipid
precursor including ethanol am ne or equivalent, i.e.
39phodpbamsiriethendingid nkeim 38 cwhespia the site ¢lgrmplantaionys pyin vitro
the stable formof L-ascorbic acid phosphate nmagnesi um
S#&| t p-hydrate); an antioxidant (such as gl utathione

38 educeskr®dt a8ERbAX ke cRih B8, WREEInfth€ siendMimpdantat{on)is a site in a
any other nutrient or factor that is conpatible with
tisedd, agotanhor ageanbamaiopttheeofnut ri ent or factor that is

i bl ith p i J . i %
S50 b ARG Ly SR RE Sl ot oo

cOBAAHIVE fpanaRi rHudcly, bhedrve dsgue] Gasicaliy vasdudtr onubnivestular
or factor that is conpatible with cell growth and
osgagy; ot fynbipatiops yEePtf act ors and/ or ot her conpounds

dohat A 50%@?&& aE&“?di%é Q%ﬂlrﬂgtg, Qﬁ%‘;@i&%ﬂ@é{i\%&)&%dl@ BoRBRtEbroblasts

cells or trssue of “interest. according to

a6t @lhenadéiftionahele comphiee sllis tofibbmnecvd, spitlmiipl, inguscle, nerve, glandular,
fibroblasts. 50. A nethod accordin o claim49,

VipraYas; WWM@C%’HQ’%&%%W@@yq%éﬂ‘%&é a. 51. A nethod

qAcconding 9 a€+cfi‘3'ﬂF 44 c1ah 8D Sk RertiR@h& eREtisCdonipriss £RAR6hal
- W cell s,

th addi ti ona ti ssue or conbi nati ons thereof.
cells.

42. A construct according to claim 41, wherein the lifespan of the neural cells is
extended at least about two-fold compared to neural cells in the absence of the construct.
43. A construct according to claim 41, wherein the fragility of the neuronal cells is
reduced up to at least about 5-fold compared to neural cells in the absence of the
construct.
44. A method for using the construct of either claim 1 or 2 comprising modeling a
human biological cellular system or tissue system or combination thereof in vitro.
45. A method according to claim 44, wherein the suitable cells are fed with serum-
free media. |
46. A method according to claim 45, wherein the serum-free media comprises:
base media
basic fibroblast growth factor (bFGF) or equivalent growth factor;
insulin; |
glucocorticoid; and

selenium
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52. A nethod according to claim5 1 wherein the

additional cells, tissue or conbination thereof
woanprism3st em cel | s, progenitor cells, precur8aT/1B2005/004091

cells; cells or tissue of a connective, epithelial,

nmuscl e, nerve and/or glandular origin; and cells of

Vc%%Sé{Lﬁ%'E oﬁé‘&lﬁ%leﬂe@us}fﬁﬁ%k@mas@ggﬁnhorI gin such as

neur obl ast onas, l'asts, astrocytes, cardiomyocytes,

4Bkel Atr@éthdswmbﬂilmg/mbﬂ%am% vihersin Bieyserun-ien sididelhecomprises

ost eobl asts, fibroblasts, keratinocytes, Schwann
Oltf‘eW]@?ferf—g'rve cells, gli al cell s, epit helial cell s,

ol o e e hcdBi5 6 @icG6hoh 65 GRkahenal

nmuscl e ce garcfn scle cells,stromal cells

mesangi al anc&ﬂditmnahgswtfcfaytm (epodsiring] gﬂ@éﬁhf@ﬁwl(ﬁf}% platelet

cells, dendritic ce ne systemcells, neural

ti ss@?élveﬂéﬁ%‘ffﬁ’(,fa‘itP"s@hP?F)ngTi c tissue, venous tissue,
capill ar ISSULi dodlkddiAge, bone, nuscle, glands, and
hair fol Iyll‘tgf32§ 10 Xﬁ-rre?fl%od according to cl aim 51,

wher ei n tmpla@mmrsonmcludmg athanolassine 06 LB ¥HHI i Pon
t her eof COTTEFI se rmre t han one type of additional
cel | RhosBROTYRIBORBING ccor ding to cl ai m 53, wherein the

addi ti onals-6f)i¢ Soid (preftdIPin theslabrabimbf Lhuse@bic acid phosphate
conpri se neurobl astomas and myobl asts. 55. A net hod

accomdgmrgivnpsajt rchydBE); wherein the additional cells or

tissue are from I bk

bi ol ogi caf™ griﬂsqxé uéh gsn%gtcra Hl(gﬁy %édé%?%fu@ﬁ?% tﬁe

parti cul aéxtta’lqje&ﬁlﬁdlaﬁhno &hd(sA met hod accor di ng to claim
51, wherein the additi onal cel or

conbi nat i &ty ethermsen ppfactes rtrti‘aé 1%‘5?@?%@?%\“% rdl gy and
source an 91%3{1&36113&81[18@ 9% f’:ic M AP ABITRAR bﬁﬁlub@on of

uni que to articular ol ogi cal " source. .
nmet hegltr@@noradnragm o claim 56 wherein the partl cul ar

bi ol ogi cal sour sour.ce of connec
481 RGDTRP SORISEREIS HEAT. YT OU IR SSrym R g iy her comprises
%%HHBP% eﬁtmﬁﬁor HASE bEpatDle WRA KRS BIan® E@@é’uon of growth
Be nmet hod accordlq% to claimb57, wherein

fatchﬁs piad/ot @nhhmommwhd@nhebmrogr@m e grawthrad dpyrdpripens of the seeded
ni cr opi al faﬁent sel ected fromthe group consisting of
i g tssus QiR Shct eri al , fungal, and parasitic agents.

?0 Ur 6nktfiod accordifi E@élﬁlﬁﬂ4ﬂ6ﬂ@fdn fig dubtablea@blis G@nprise fibroblasts.
urther conprising assessing the effect of oneﬁg\isrﬁe(%a

58ddi Aimethpd agponding nclaifedDivEienyn &y media CORPHS
55 gfhgrg%tﬁw gé%rcggéﬁt 1P L Wik tl‘?@&msﬁudt n&ie@&'&ﬁwnh additional

enZynes hor nones,
cOn 86423 coﬂl@ﬁiatld@ﬁhereof

52. A method according to claim 51 wherein the additional cells, tissue or combination
thereof comprise stem cells, progenitor cells, precursor cells; cells or tissue of a
connective, epithelial, muscle, nerve and/or glandular origin; and cells of vascular and/or
non-vascular organ origin such as neuroblastomas, myoblasts, astrocytes,
cardiomyocytes, skeletal muscle myoblasts, hepatocytes, chondrocytes, osteoblasts,
fibroblasts, keratinocytes, Schwann cells, nerve cells, glial cells, epithelial cells,

endothelial cells, smooth muscle cells, skeletal muscle cells, cardiac muscle cells,
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pol ypepti des, natural products, natural products

extracts, inorganic salts, other cells, growth
woacdeoougisscl otting factors, toxins, poisons, NBCITABI0S/004091

aci ds, nechani cal stress inducers, electrical current

generators, electromagnetic field and pul se

SHBRAI 3L, $nesaiidalsells, Gnovachyimaticd Bl semBopoibiic calsnadndeidc cells,
of using the construct of either claim1 or 2 to grow

immsseeygomse!lsingyral Hesugthepatic %@éﬁ.aﬁglq wu%»o‘%w%ﬂtsue capillary
i tional cells,and/ gLeeding with media

t‘F%WoF%rg?a@ef%qnet Has d? GRS h Al ghger\‘?é pment of the seeded

el | 9 Aeghoaactdrdmdes clibh rsu alvhérsig thhaddieen deltg kiksie or

within the construct for a period of tine sufficient
combiatiowthareafisemprisavirore than ope fipe Kb ad@tional icats.a

onstruc ccor I r
i maeeg 4 natiodde SfaR Lorhlfihe T GRELE, Mo gt
cORIBBakBE thertfRbnpeiRe h&dr@lﬁl&stbﬂﬁai ary my@lﬂeSts
t hr ee- di nensi onal tissue gromﬁ -6 A nethod accordlng

60 clainaihed aceidingite cleie 54 ckrraingls pdditonpl 6plls orlisgee arc from a
eI Of: ] ,

R YR gAY R SERPSEbE s SRLE) e bacicl

lﬁﬂdkmaltlssue of vascular or non-vascul ar organs or

conbi nati ons thereo

561, #umethed aeeﬂ%mgé? Rlgim Sy e&ﬂﬁge %%ﬁ% 338&9% dﬂSé%ﬁ ?f
cgg&%ﬁr&goh 'tl‘?é‘? a'ré"frgmaa ?ﬁﬁédlﬁqnblggﬂc@l@oﬁffde%dsthé Biolozi&l sydtem

acco to c erein the tissue
bgrr@mhdsﬂdlesi memrquaad) thei mﬁmlgbm&bgcdmdumhe site of

57 A4 A3k Seteeh B et BRE AL L tntues

sq.

£o .6+, A method accor

a%%u kel 85@lecWS GhRhdliaS SHB ! A8 adlatdf idli@n@hormonal,
antation is in a heart. . A method accor di ng to

1mtrmnm %¢ulah@rr@nﬂva8¢iéalt¢r8§u%ﬂ@ﬁom h is vascul ar tissue

e ?wAhmg%%gta?rcgqrﬁg § %%S%HP g]?h‘ﬁﬁetrg th' tﬁ > parl érﬁ 8%1& %‘élo%ga? 5(%/11{95 further

ifd1SEdQ HicPMidl debntwaRetel dfont the Sueupadadsistingoflvitdlepisor, @acterial,
of inplantation is |n any one or nore of a heart,

fingady, andipdrasific AgeMier | | | or any other organ in need
f
Shher & OVRS oby REHE v ol DRGARPBANERL Goflehalotice i

hégutodybecesls o lioér tus'mé amt tht imderobml hgenhivya lapatits vires. e

L SsUe Lhodeed glfng%g gfalm %5 yfurther comprising assessing the effect of one or

more additional agents on the biological system being modeled, wherein the one or more
agents includes pharmaceutical agents, enzymes, hormones, small molecules, peptides,
polypeptides, natural products, natural products extracts, inorganic salts, other cells,
growth factors, clotting factors, toxins, poisons, nucleic acids, mechanical stress

inducers, electrical current generators, electromagnetic field and pulse generators, and

sonic wave inducers.

6147, A method of using the construct of either claim 1 or 2 to grow tissue comprising

the steps:

seeding the construct with additional cells and/or tissue;
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tissue, including muscle, nerve, lung, stomach,

intestine, uterine, kidney, liver, spleen, skeletal,
woameaagisse, | ynph, vascul ar and dermal tissuePCT/AB1005/004091

A met hod according to claim63, wherein the tissue

growmh is connective tissue growmh and the site of

i pl ant atrkQihd With wees fhedrabls folrhagsowtandddsyelopment of the
|'i gaments, and cartilage. - 7 , 3/4L. A nethod of
acceeafied gellvansyaritispe; | wherein the connective tissue

growh is cartil age_a it - ' ~ j i S .
bet ween \}%Ei’"?t@ﬁ?’}fe F ﬁeeggg %@gsa\?ﬁllgg ltlggn%dn@@ﬁuf;lg&iﬁ b%ﬂ)él Ie('ffl thme
or thgeust abiimwesué pewthhe method of claim ™7 f . A
fibroblast autogenic living scaffaold ALS) nmedi um

€. &3¢ onpy insthog:of Bsing pEonrust aORERE 191 G detler\GpORTIsing

L- gl ut am ne d di . - . i
R e R e b R
pro@bidhb Rk ki S0 tingé glowakGE 90 Minsulin 100 nM

Dexanet hasone 200 pM L-3, 3

( l , 5-triiodat hyroni 00
&3, et haaenmlewr@écardmﬁrw slaira i ouleTaini the SededRIls e %B?"Emlude
Ci osphat e Si I t ; ;
R s s e
celpd ﬁditJ@ﬂ tngué if)f ﬁ@blﬁﬂ dratomevas@lldrsorgmd or canlsisateonk thwemeathe
construct of either claim r 2 i Si : '
£ 55t he AeBrttodieeordingro elé}mélat%fatﬁsfr C‘ini?lgrég r I Iﬁla‘g‘gg Q}S?%%g%tn tand
ceftd ar\llﬁ}ﬁﬂﬁs%ﬁ% hﬁlgah@ﬁreﬁ‘?ﬁ%ﬁtﬂtaﬁ@ﬂ%fté.um with at | east one
gro actor such as basic fibroblast growh factor
&s . 66( bF @ nethepi adeoriimlg tgclainh 163 f wibtrein the@Rue ghowihrs detrpyal dissue

AN AL

66 . #7. A according to claim 63, wherein the tissue growth is cardiac muscle or skeletal
muscle tissue growth and the site of implantation is in a heart.

@- 68 A method according to claim 63, wherein the tissue growth is vascular tissue
growth and the site of implantation is in an artery or vein.

68.69. A method according to claim 63, wherein the tissue growth is vascular tissue
growth and the site of implantation is in any one or more of a heart, lung, kidney, liver,
limb, or any other organ in need of vascular tissue.

1. 70. A method according to claim 63, wherein the tissue growth is capillary tissue
growth and the site of implantation is in any one or more tissue in need of capiliary
tissue, including muscle, nerve, lung, stomach, intestine, uterine, kidney, liver, spleen,
skeletal, connective, lymph, vascular and dermal tissue.

76. 7. A method according to claim 63, wherein the tissue growth is connective tissue
growth and the site of implantation includes joints, bones. tendons, ligaments, and
cartilage. 20

7i.#2. A method of according to clairr[i‘l‘J, wherein the connective tissue growth is
cartilage and the site of implantation is between vertebrae in a spinal column.

gl
79 .75. A cell or tissue obtained from the method of claim}iy
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contacting the seeded construct with tissue; adding

gromh nediumwi th or without serum such as fetal
wouomw4smsum (FHS) to the seeded construct; pl &craBzobhen4091

seeded construct in a directional electromagnetic

field;, placing the seeded construct in a pre-forned

7;72'!%70: ldﬁﬁalﬂljﬁtgt alatpgdsrﬁ% ﬁulilngIscziﬁfmlldéI (i\&llzﬂ)axpfellium.uompagng: o

al | oon-shaped or_di sc-shaped nold;. placing the seede

const r uct3:} Rt fiINMEM @thgélf;@sfé’i”gl b‘rgé@tiaw%cﬁgtsﬁa’é‘m pyruvate)
R =1o\Y) ropaeat fﬁNﬁiMagl HARV or STLV system inplanting
e Oﬁl aci ngothe seeded construct into an ex vivo or in

vi vo i nplamdhaGlaasiat e; contacting the construct with a
sanple of differentiated cells;_ placing the seeded

const r uct2-$ Ag/mIFEH i“th%’é%‘eﬁer‘ﬁ’il@\'i’l%m“ﬁg the seeded
constructz M q:?@* priate growth conditions including
nmechani caﬁ'd\%mi igﬁs such as stress or strain,,

cheni cal goodiihéudins such as suppl enental nutrients or

grom h factors, and %nvi ronmental conditions such as
al tered tl&ﬁﬁ@ﬁge&?‘é‘?t AICor at nospheric pressure to

pronot e dighfRrens bak iQRdeMdohinesue regeneration; and
mai nt ai ni'ng 't he seéded construct in a viable condition

such t hat100ii@dwéhanslamégenerated. -,. . .J . A nethod
according, tq claim??.  further conprising regenerating
damaged &DTP(M%%P’iOg%ﬁ%dor organ in vivo. 7 - - method

for usi ngobhavscalcbidadd prosph@e nedgatduh salt nehytdeate r eat
t1ssue or or gan damage or tissue or or gan degeneratl on

in a subjleey/ml oegnced glatpthipieoduci ng t he construct of

claim1 ar,6 2; and,any,one of a) regenerating a new
or gan oroltcyf’ggrl’fgtr(?ﬁ/al?%% tissue in vitro using the

76 #5C QletHédlof gﬁiﬂu@ﬁ@ &fferentidtebesls ahdioh eisdug feom thecdoastsuad bf either
the damaged or degenerated tissue or organ and then

claimpl efd ¢oTgPEYRE construct with regenerated tissue or
t Sssgeedilg% tﬁe'&%n&%%@Gzit‘h%efl?&éﬁé{ms@&é; at the site of
organ g e

tissue amage or generation ; or b)
anfia@Y 8fé bfig the construct and cells or tissue of the

ST L R K
FiIGHTRg Gr&bth factor (bFGF), epidermal growth factor (EGF), brain derived nerve
growth factor (BDNF), etc.;

contacting the seeded construct with differentiated cells;

contaéting the seeded construct with tissue;

adding growth medium with or without serum such as fetal human serum (FHS)
to the seeded construct; \

placing the seeded construct in a directional electromagnetic field;

placing the seeded construct in a pre-formed mold having a particular hollow
shape, such as a balloon-shaped or disc-shaped mold;

placing the seeded construct in a simulated near-zero-gravity culture environment
such as a HARV or STLV system; -

implanting or placing the seeded construct into an ex vivo or in vivo implantation
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degeneration and then regenerating a new organ or

tissue of the organ in vivo using the scaffold having
woebde48183t i ssue of the type or class of the daoRgBZIO®D004091

degenerated tissue or organ; or c) regenerating a new

organ or tissue of the organ as in a) or b) using the
sig@nstruct alone. 7 7 A method according to the subject

is suffering from Crohn's di sease;. cancer ncl udi ng

I ung Coméﬂmg the eesetigpt, With § 63mPlgiof ﬁg@fe%‘éﬁ‘@rcéh% bone,

a|n ul ar .degenerati on,
d| abB agglg ggp%edgc |nsscrﬁge{rr%1¥gh%g S§§ 'val ve damage or
hear Prd@dim £ t1fe0Re@l donbtnebe fethtappropiiate grewthamnditions imipding
construct &generated tissue in the treat&gnt of tissyue

or omgshadeal genditions syshyas ¥resy PHHIFH.otheEYFR) coRdideRs such as
p| aﬁéﬁ?gpé?m%rﬁ” %Ilé § ?rapggue B £280ord B Eﬁ&%‘ﬂﬁmh&i QofdiiBR¢ such as

ani anage or

degenréll 'té?ﬂpa&&tﬁf& pHabr dtmespleria I’pfkis@t[re tmi gta)mdtes differentiation and
regenerated. 7 - . A met hod for generating viable
ver t Ebtugtregenetationaandt i ssue in vitro conprising:

seedi nagntgﬂ?n rgatﬁg eldff& Eoridtruél iR 'amliileEor%ltYﬂnt Jﬁc% Bt BRARLS

pri s or neurona t1Issue;
nﬁ@n@ﬁ@ﬂnlng t he seeded struct in culture under
condi ti ons where V|able digﬁrate neuronal ti.ss

X, }@e nePaethod pecosding {4, 6131 ?fgCOF&)f’é}n& rﬁg%ﬁ{aﬁg g Elaphged or lost

SEOHeL i Saoeeded with vertebrate neural progenitor
u%@?l H%%Jra stemcells, or neuroblastomas. 1, 3fi. A

76, FTet hédmathod fai using the s¢aﬁ0ﬂﬁ of cither ehann tl loe 2do Hrsatrtiseye ¢reorgan

seeded with verte%ate [g ‘ﬁ S -84. A net hod
BT i HgUs o Y HERYR ?“é’lnna? éecvcé?rfl%%s#% e neur onal

Ui SSYRduinl g’i‘ﬁ@@édsﬁﬁ‘ct%@ cMemtl Y end 58 ome of A Net hod
according o the manmal i an neuronal tissue is human

nerve) trq:@ggp@tmg aney qﬁg’ctﬂfﬂj‘dlsﬁléﬂ- ofl}ng H@eup Hevigeaming) the genstruct and

oS3 Tt i e bR TR s RBALA o gy g v
irfyslhtend 48 H UBAstruct with regenerated tissue or tissue of the organ in the subject at
‘the site of tissue or organ damage or degeneration ; or

b) implanting the construct and cells or tissue of the type or class of the damaged
or degenerated tissue or organ in the subject at the site of tissue or organ damage or
degeneration and then regenerating a new organ or tissue of the organ iﬁ vivo using the
scaffold having cells or tissue of the type or class of the damaged or degenerated tissue or
organ; or |

c) regenerating a new organ or tissue of the organ as in a) or b) using the
construct alone.

77.<#9. A method according to claim Fivherem the subject is suffering from Crohn’s

disease; cancer, including lung, colon, stomach, liver, kidney, pancreas, bone, brain;
muscular dystrophy; ocular degeneration, diabetes, cardiac ischemia; heart valve damage
or heart valve congenital defect.

73 +50. A method of using construct -generated tissue in the treatment of tissue or organ
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contacting at | east one site of spinal cord in the

subject with an effective anmount of the construct with
Woi2adslas73er ve ti ssue so as to treat the paral yBCSIB2005/004091

,-8T A nethod for using the construct of claim15 in

the treatnment of a neurodegenerative disease in a

dﬁﬁ@%e&ﬁttiss&%mﬁ'géﬂ dgendradosidivifesoamirisatg: ng t he suitable
cellTs into neurons within the LTI\/% contggsing at |east
one piodecing tisthe asepspaetto Wie lmethpd g5 ¢la e amount of

the Cfégﬁtgtraﬁ%%fex\@i\;eha St ﬁfj{ feftﬁgt?egmoag ﬁ"c%t aﬁﬁ{aﬁ’ Bta sif® Alissue

to tP neur odegenerati ve di sease ereln the

diipageaHeBaRalcabhotatich Sehsieat tissuenydonergh iPrpkiased’ s
di sease, Huntington's disease, Al zhejnper's djsease,. .
76, 2EcAimehod faniganerairgviablg verehratefiearogal eysHe frsvirg SPERFSNE:

0 s cwed ML etoRlraP R or PRl PR pfR] LRV

néBbMQdsdef adsi Ng the construct of claim14 in the

treatnment. of a neurodegenerative disease_in a subj e%tl,
conpriaiitapingdeefere ¢qnstragtan e 4B rc?ﬁfl%‘@ﬁf’ tgeregpable
r : ting at | east one site in the
Vélﬁ%jr%%:fl gl%/{ngﬁﬁlg#%s #grgetrllgtgg anount of the ALS with
% .85 eadachodarcopting endlhiarFbwheeir tht censtmctislsbededovitisvartgbrate
treat the neuyrodegenerati Ye di sea@e wherein the

n%@r%@%@é‘ﬁ’é?%{ki PRUrg;s s er EWORIARIOTIRS- par ki nson' s ‘
4. ;8%' %erﬁétﬁ%d ﬂéﬂ}diﬂ%gooﬂéiﬁ_l VReRf thOcsMRMIESs sSedbdSARS Gortebrate glial

chi zophreni a, denentiha, multiple sclerosis, cerebral
cgigzl sy, nuscul ar dystrophy, Tay Sach's disease, Mad Cow

i sease,, or eyt zfi.e acob’ s disease. 2. . . .
82 Sk RBU KGR e G T O ByEL G PPy ode is mammatian
adOduGENg the construct of claim 15 from suitable
epithelial cells, epid | tissue, and/or derpal
93 .84.1 4suethod acensting fmlamﬁ%ﬁrgm the mAPANNcFEMaktiggie f§ pman
the LTMinto hair follficles. " . -9 A nmethod for
NGEREPHEEi ng hair follicles conprising: producing the
Q. .96 TN 9éth6d for ikihg the @affold éfaidis lepi 2 ethe aleatmesnt of paralysis in a

epi dermal tissue, and/or dermal tissue; the hair
subgrct.i cOPPsisige pl aced in vivo at a suitable site in a

subj Sl%'ﬂudng a construct with viable nerve tissue;

contacting at least one site of spinal cord in the ‘subject with an effective amount

of the construct with viable nerve tissue so as to treat the paralysis.
‘%S .87 A method for using the construct of claim 15 in the treatment of a neurodegenerative

disease in a subject, comprising:

transdifferentiating the suitable cells into neurons within the LTM

contacting at least one site in the subject with an effective amount of the construct
with transdifferentiated neurons so as to treat the neurodegenerative disease wherein the
neurodegenerative disease is any one of Parkinson’s disease, Huntington’s disease,
Alzheimer’s disease, schizophrenia, dementia, multiple sclerosis, cerebral palsy,

muscular dystrophy, Tay Sach’s disease, Mad Cow disease, or Creutzfield-Jacob’s

disease.
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96. 8%—87 A method for using the construct of claim 14 in the treatment of a

neurodegenerative disease in a subject, comprising:

seeding the ALS with neuroprogenitor or neural stem cells;

contacting at least one site in the subject with an effective amount of the ALS
with seeded neuroprogenitor or neural stem cells so as to treat the neurodegenerative
disease wherein the neurodegenerative disease is any one of Parkinson’s disease,
Huntington’s disease, Alzheimer’s disease, schizophrenia, dementia, multiple sclerosis,
cerebral palsy, muscular dystrophy, Tay Sach’s disease, Mad Cow disease, or

Creutzfield-Jacob’s disease.

$7.-897 A method for generating hair follicles comprising:

producing the construct of claim 15 from suitable epithelial cells, epidermal

tissue, and/or dermal tissue;

transdifferentiating the suitable cells within the LTM into hair follicles.

38.56 A method for generating hair follicles comprising:

producing the LTM of claim 14 from suitable epithelial cells, epidermal tissue,

38
01‘19\? wherein the hair

and/or dermal tissue;

seeding the ALS with hair follicle cells.

E\

4Q_9+. A method for regenerating hair follicles according to claim/\

follicles are placed in vivo at a suitable site in a subject.
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